Various research methods show that the microstructure of the complex siliconcontaining modifier "Insteel 7" consists of six phases: TiFeSi 2 , Ca 1− (La, Ce) Si 2 , CaSi 2 , FeSi 2 and a phase based on BaSi 2 , containing impurities of Ca, Si, Al, and Mg. Silicides of titanium, iron, calcium, and barium in the composition of the modifier due to their low melting points contribute dissolution of Insteel 7 and enhance the effect of the modification when introduced into the liquid metal. In addition, the phases containing rare earth metals can purify the metal from harmful impurities and reduce the content of dissolved gases (O, N) and sulfur when they enter the steel melt. TiCN particles with a melting point of 3200
Introduction
It is known [1] [2] [3] that the modification of cast iron and steel is a flexible and highly efficient method for controlling the structure of iron-based alloys. Modifiers introduced into the molten metal provide the appearance of additional centers of crystallization, leading to the formation of a homogeneous and fine-grained structure of the alloys in the solid state. So far, there is no common understanding [4] of the mechanism of the modification process. Besides, there is no assessment of the modifying (inoculation) ability of individual elements. This is especially important in the case of the using of complex modifiers containing inoculants with different physicochemical nature and properties. Moreover, the technical performance of the modifier is mainly determined by the content in it of chemically active elements -rare earth metals (REM), Ca, Ti etc. [5, 6] .
For example, it is known [7] that rare-earth metals actively interact with oxygen, sulfur
How to cite this article: V.P. Ermakova, V.G. Smirnova NIOKR-2018 and nitrogen, providing a significant decrease in the content of these impurities in the molten metal. Besides is known [4, 8, 9] that titanium can form insoluble or hardly soluble particles of titanium nitride, carbide or titanium carbonitride in the modifier composition (since titanium carbide and titanium nitride have complete mutual solubility [4] ). Titanium carbides, nitrides and carbonitrides are present in the modifier due to their high melting temperature (TiC -3140 ∘ C, TiN -2959 ∘ C, TiCN ∼ 2500-3000 ∘ C). They can serve, in our opinion, as crystallization centers during the solidification of the melt. Some researchers [4, 9] also recognize that refractory nitrides and titanium carbonitrides play a role in the inoculation mechanism.
The authors of [10] believe that the structure of complex modifiers is practically not studied. There are almost no investigations on the effect of the structure of modifiers on the properties of the melt being processed and the solid metal. A recent trend in metallurgy is metallography of modifiers [11] . This field of knowledge can provide, in our opinion, useful information on the composition and structure of the modifiers and will allow us to evaluate the abilities of the modifiers after introducing into the melts.
Researchers [12, 13] believe that the effectiveness of the modification is determined, as a rule, by the phase composition, shape, and size of the structural components (phases) and their distribution in the modifier volume. In work [12] , is emphasized that the introduction of fine-crystalline modifiers into the steel structure provides more uniform distribution of small phases containing chemically active elements of rare-earth metals, alkaline earth metals, Ti, etc.
It is known [14] that a change of crystallization speed of a modifier leads to a change in the size, composition, and distribution of structural components in it. It is important to consider the size of structural components (phases) with low melting points and the size of the modifier particles introduced into alloy melt, when fast instant modifiers [15] are applied. But, when the inoculating effect is required, these parameters are not so significant, since the more essential characteristic of the modifier will be determined by the melting point of the phases present in it.
The question of the correct determination of the modifier phase composition is a key one since it makes possible to correctly evaluate the modifying (inoculating) ability of individual elements (phases) and their influence on the structure of the modified cast steel.
The purpose of this work is to determine the chemical and mineralogical nature (morphology and composition) of the structural components (phases) of the Insteel 7 complex microcrystalline modifier, comparing the results of optical and electron microscopy, EDX-
, and XRD-analysis.
Samples and Experimental Technique
According to the results of chemical analysis the Insteel 7 complex microcrystalline silicon-containing modifier consists of following elements (wt.%): Si (42.5%), Ti (13.5%), Ca (10.3%), Ba (8.7%), Mg (0.8%), Ce (3.3%), La (2.4%)), N (0.5%), O (0.18%), C (0.36%), Fethe rest.
The following instruments were used to identify phases in the modifier:
1. Neophot-2 -an optical microscope equipped with a digital video camera and a
Siams-700 computer image analysis system; 2. Carl Zeiss EVO 40 scanning electron microscope with a device for electron probe X-ray microanalysis (EDX), equipped with an Inca X-Act Oxford Instruments SDD spectrometer and a system for energy-dispersive microanalysis Inca Energy SEM;
3. X-ray diffractometer SHIMADZU XRD 7000, equipped with a Cu Kα filter in a graphite monochromator and automatic software for X-ray structural phase analysis (XRD). For deciphering the XRD patterns the literature data, the ICDD (International Center for Diffraction Data), the PDF-2 database, and the JCPDS files were used;
4. Chemical analysis of the modifier was performed using the SpectroFlame Modula S and Optima 2100 DV atomic emission spectrometers with inductively coupled plasma. The content of carbon in the modifier was determined on a Leco CS-230 device.
Results and Discussion
The Insteel 7 complex modifier is intended for introducing into Fe-C-based melts in order to control their microstructure.
The microstructure of the Insteel 7 modifier is presented in Figure 1 .
The optical properties and morphology of irregular-shaped grey-pink inclusions in Figure 1 allowed us to conclude that they are titanium carbonitrides -TiCN [16] .
Since it was not possible to determine other phases of the modifier by optical microscopy, therefore the material was sent to the X-ray diffraction analysis. The typical XRD pattern of the Insteel 7 modifier is shown in Figure 2 .
Using the XRD method, we did not fix particles of grey-pink TiCN phase as part of the modifier, apparently, because of its small amount and complexity of the observed spectrum. In addition, it was found that the reflections of other possible phases, for example, NIOKR-2018 For complete identification of the phases in the material under study we have summarized in Table 1 the crystallographic data of the phases in the modifier.
From Table 1 it seems that the complex modifier can consist of six types of structures differing in crystal lattices: TiFeSi 2 , rhombohedral CaSi 2 , α-FeSi 2 , BaSi 2 , TiCN, and phases with a common type of ThSi 2 lattice -calcium, lanthanum and cerium silicide.
We assumed that the presence of the same structural type, space groups, and very close lattice parameters for lanthanum, cerium, and calcium silicides can lead to the crystals with a tetragonal syngony and an α-ThSi 2 type lattice [17] . Due to the fact that CaSi 2 with a rhombohedral elementary cell structure was found in the complex modifier, it was concluded that the complex modifier was fused and poured at atmospheric pressure.
The formation of the Ca 1− (Ce,La) Si 2 phase seems to be related to the fact that during the smelting of the modifier, disilicides of rare-earth metals and excess calcium disilicide were initially introduced into its melt. During crystallization part of CaSi 2 became as the basis for solid solution enriched with La and Ce. And an excess of calcium disilicide has formed a single phase with a rhombohedral lattice.
NIOKR-2018 The phase based on barium disilicide has a high silicon content -the atomic ratio Si / Ba ≈ 5 ( Table 2) . Such a ratio of silicon to barium [21, 22] is possible only at elevated pressure and temperature. Since the complex modifier was prepared and poured, apparently, at atmospheric pressure, we believe that this phase is a multicomponent, which is based on barium disilicide, elemental silicon, as well as traces of impurity metalsaluminum and magnesium.
Additional information on the composition and structure of the phases of the Insteel 7 modifier was obtained using the SEM-EDX methods ( Table 2 ). The microstructure of the modifier in backscattered electrons is shown in Figure 3 . As seen from the Table 2 , EDX-analysis confirms our assumption that modifier con- 2. Titanium, iron, calcium and barium silicide in the composition of the modifier due to their low melting points and unlimited solubility of silicon in iron facilitate the dissolution of the modifier, reinforcing the effect of modifying when modifier is entering into the liquid metal.
3. The Ca 1− (La,Ce) Si 2 phase after introducing into the steel melts is able to reduce the content of dissolved gases (O, N) and Sulphur in the metal.
Particles of TiCN (T = 3200
∘ C) can serve as inoculators, i.e., act as crystallization centers after the introduction into the molten metal and promote receipt of an equiaxial or close to an equiaxial grain structure of alloys in the solid state.
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